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Abstract 
VSELs are an innovative and promising candidate which currently earns increasing 
attention and further investigation due to their capability to express different pluripotent 
markers and to differentiate into three lineages. These stem cells are a backup pool 
which are mainly mobilized after stress conditions and focus on tissue and organ 
regeneration without causing the formation of teratoma. The aim of this paper is to 
integrate different strands of research findings related to VSELs. Researches have 
shown that VSELs have a regenerative role in several organs and they can also 
contribute to decelerate aging processes. Further studies are recommended to be done 
on huVSELs in order to check thoroughly their rejuvenational potentials because the 
use of these stem cells is one of the most important challenges in the regenerative 
medicine. 
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ALT: alanine aminotransferase 
AMI: acute myocardial infarction 
AST: aspartate aminotransferase 
BM: bone marrow 
CB: cord blood 
CNS: central nervous system 
ESC: embryonic stem cell(s) 
FL: fetal liver 
FSH: follicle-stimulating hormone 
G-CSF: graulocyte colony stimulating factor 
hBM: human BM 
hESC: human embryonic stem cell(s) 
HSC: hematopoietic stem cell(s) 
HSPC: hematopoietic stem and progenitor cell(s) 
hUCB: human UCB 
huVSELs-hVSELs: human VSELs 
KA: kainic acid 
LV: left ventricular 












In recent years, researchers focus on 
stem cells and on their potential 
applications in regenerative medicine. 
However, there are many ethical and 
technological restrictions arising due to 
applications of hESCs. As a result we 
have an innovative and promising 
candidate which earns increasing 
attention and further investigation, the 
very small embryonic like stem cells. 
Actually, VSELs represent a population 
of pluripotent SCs which are located in 
adult tissues, express different 
pluripotent markers and can 
differentiate into three lineages. They 
are described as a pool of SCs which are 
mobilized during stress situations in an 
attempt to contribute in tissue and organ 
regeneration. Therefore, VSELs have 
the identity of an appealing source of 
SCs in terms of regenerative 
applications and that’s why we analyse 
them extensively in this study.  
Definition of VSELs 
VSELs in mice are defined as Lin- 
CD45 -Sca-1+ cells (Kucia et al., 2006) 
and in humans as Lin-CD45-CD133+ 
cells (Feng et al., 2012). They represent 
a population of pluripotent SCs which 
are located in adult tissues (Ratajczak et 
al., 2017a) and described as backup 
PSCs with a decisive role in 
regenerative medicine (Kucia et al., 
2007; Ratajczak et al, 2009). This 
population has been identified in 
several tissues including bone marrow, 
cord blood, and gonads (El-Helw et al., 
2020) and in many adult organs of 
murine including brain, pancreas,  
heart, testis, skeletal muscle, lungs, 
kidneys, spleen thymus and liver with 
the first two of them having the highest 
numbers of these cells (Zuba-surma et 
al., 2008a). VSELs express several 
markers such as embryonic 
(Wojakowski et al., 2010), muscle, 
endothelial, cardiac and neural (Zuba-
Surma and Ratajczak, 2010a). It is also 
important to mention that they do not 
cause the formation of teratoma 
(Bhartiya et al., 2016). 
Differentiation of VSELs 
VSELs both in mice and in humans 
have the capacity of being differentiated 
in vitro into cells from the below germ 
layers: ectoderm, endoderm and 
mesoderm (Kucia et al., 2006). In 
addition, BM derived VSELs of mice 
can differentiate into different cells 
such as HSCs (Ratajczak et al., 2011a), 
endothelial cells (Wu et al., 2012), 
MSCs (Taichman et al., 2010), 
epithelial cells (Kassmer et al., 2013), 
tumor stroma cells (Jung et al 2013), 
oocytes (Parte et al., 2011) and 
cardiomyocytes (Dawn et al., 2008a). 
VSELs morphology 
As researchers wanted to clarify the 
morphological profile of VSELs 
(cytoplasmic area, diameter, nuclear / 
cytoplasm (N/C) ratio), they used a new 
imaging strategy (Ratajczak et al., 
2009). This multidimensional strategy 
is called ImageStream analysis (ISS) 
and includes: i) traditional methods of 
flow cytometry ii) Imaging flow 
cytometry iii) confocal microscopy. All 
the above sensitive methods allowed at 
a single cell level the description of 
VSELs (Zuba-Surma et al., 2008a) and 
identified their primitive morphology 
(Kucia et al., 2006). Consequently, it 
turns out that VSELs are a really small 
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population of eukaryotes (Zuba-Surma 
et al., 2008b) with diploid DNA 
(Ratajczak et al., 2008a) and with many 
embryonic cell features (Ratajczak et 
al., 2008b). ISS analysis pointed out 
that VSELs compared to platelets are 
larger, but smaller compared to 
erythrocytes, monocytes, hematopoietic 
and granulocytes (Ratajczak et al., 
2008b; 2009). According to their 
morphological parameters, VSELs 
possess an open type euchromatin and a 
tiny rim of cytoplasm which surrounds 
their large nucleus. This cytoplasm is 
described by mitochondria and 
ribosomes (Zuba-Surma et al., 2008b). 
Finally, morphological examination 
revealed some differences between 
VSELs and HSCs with the first of them 
possessing a higher nuclear / cytoplasm 
ratio, a lower cytoplasmic area and a 
smaller diameter in comparison with 
HSCs (Ratajczak et al., 2009; Zuba-
Surma et al., 2008b). 
Origin of VSELs 
Regarding the origin of VSELs, 
observations indicated that they are 
present in multiple adult tissues. More 
specifically, in mice we find them in the 
following: ΒΜ, FLs and in a variety of 
murine organs like liver, brain, spleen, 
lung, kidney, pancreas, thymus, retina 
and skeletal muscles (Kucia et al., 2006; 
Liu et al., 2009; Zuba-Surma et al., 
2008b; 2009a). Concerning human 
VSELs, their existence was 
investigated mainly in UCB, PB (Kucia 
et al 2007; Zuba-Surma et al., 2010b), 
and recently in BM and cardiac tissue 
(Ratjczak et al., 2008a; 2009). Also, 
researchers have shown that it is 
possible that these cells exist as well in 
other tissues and organs as it happens in 
mice (Ratjczak et al., 2009). 
Molecular characteristics of VSELs 
Molecular analysis of VSELs indicate 
that these cells express a variety of 
genes such as some PGC markers 
(Oct4, Nanog, Sox-2, SSEA-1, Rex1, 
and KIF1) (Kucia et al., 2006; Kim et 
al., 2014; Ratajczak et al., 2011d). 
Regarding SSEA mice express SSEA-1 
and humans SSEA-4 (Zuba-Surma et 
al., 2008b). It was also found that 
murine VSELs express in a large extent 
the following markers: Blimp1, Gbx2, 
Fgf5, Fragilis, Stella, Nodal, Nanos3, 
Mvh, Prdm14, Dnd1, Dppa4 and Dppa2 
(Shin et al., 2010a; 2010b). Currently, 
researchers confirmed the expression of 
Sall4 in VSELs both in mice and 
humans (Shin et al., 2013). 
Mobilization of VSELs 
VSELs have been described as a backup 
pool which contains a population of 
pluripotent stem cells. It is also known 
that these cells are mobilized into PB 
under stress situations. 
Stress conditions that mobilize VSELs 
in humans 
It was found that myocardial infarction 
(Wojakowski et al., 2009), myocardial 
ischemia (Abdel-Latif et al., 2010), 
stroke (Paczkowska et al., 2009), skin 
burn injury (Drukala et al., 2012), 
Chrohn’s disease (Marlicz et al., 
2012a), critical leg ischemia (Cung et 
al., 2015), preterm newborns (Kotowski 
et al., 2012), FSH therapy (Zbucka- 
Kretowska et al., 2016), psychotic 
episodes (Kucharska-Mazur et al., 
2014) and damaged pancreatic tissue 
(Starzynska et al., 2013) are the main 
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reasons that mobilize VSELs in 
humans. 
Stress situations that mobilize VSELs 
in mice 
Acute myocardial infarction (Zuba-
Surma et al., 2008b; 2008c), hypoxia 
(Gharib et al., 2010), neonatal retina 
(Liu et al., 2009), toxic brain injury 
(Grymula et al., 2014), epithelial cells 
of lungs (Kassmer et al., 2013) and 
spinal cord injury (Golipoor et al., 
2016) are the main causes of 
mobilization of VSELs in mice. 
Regenerative potentials of VSELs 
Pancreas regeneration 
Researchers have shown that VSELs 
have a regenerative role in pancreas of 
adult mice after partial pancreatectomy.  
This possible regeneration happens 
both in acinar and islets cells (Bhartiya 
et al., 2014). VSELs are candidate SCs 
which seems to contribute to β cell 
regeneration and gradually improve the 
damaged pancreas and its function 
(Huang et al., 2010). In addition, a 
further research has proved that VSELs 
have the identity of the most primitive 
SCs which have the ability to self-
renewal and creation of PDX-1 positive 
cells of pancreas. Actually PDX-1 is a 
transcription factor involved in the 
formation of pancreas, and 
consequently it has a key role in its 




Table 1: Profile of specific markers of VSELs in murine BM (Kim et al., 2014; 
Mierzejewska et al., 2013; Shin et al., 2010a; 2010b). 
Pluripotent markers  Oct-4A, Nanog, Sox-2, SSEA-1, KIF4 
Epiblast-stage stem cell markers Gbx2,Nodal, Fgf5 
Germline specification of epiblast Stella, Fragilis,Nanos3, Blimp1, 
Prdm14,Dnd1 
Germline master regulators Stella, Fragilis, Blimp1 










Moreover, it was found that VSELs 
contribute to the hepatic regeneration. It 
was demonstrated that transplanted 
VSELs directly into damaged livers 
induced by CCl-4, caused a significant 
reduction in levels of ALT and AST. 
Therefore, these results present the 
essential role that VSELs can play 
concerning the repair and the 
regeneration of injured livers (Chen et 
al., 2015). 
Lung regeneration 
Research findings have demonstrated 
that VSELs can differentiate into 
epithelial cells. This formation of 
epithelial cells in the lung is especially 
important because it contributes to the 
maintenance of normal function and 
architecture of the lungs (Jin et al., 
2013; Kassmer et al., 2013). 
Bone regeneration 
VSELs which are freshly isolated have 
the ability of differentiation into 
mesenchymal lineages and of 
generation at low density of osseous 
tissues (Taichman et al., 2010). Studies 
have also demonstrated that hVSELs 
can generate human bone tissue in mice 
aiming at skeletal regeneration (Havens 
et al., 2013). 
Brain regeneration 
Data suggest that VSELs have an 
important role in brain regeneration. 
More specifically, VSELs differentiate 
into the following cells: 
oligodendrocytes, neurons and 
microglia and subsequently it is 
possible that this category of SCs can 
contribute to the regeneration of 
damaged CNS and to neurogenesis 
(Marlicz et al., 2012b; Ratajczak et al., 
2011b). Also, based on current 
observations that present an increase in 
VSELs after a stroke, both in mice and 
humans, it seems that these cells could 
be potentially harnessed as a source of 
SCs for repair of CNS and 
neurogenesis. Finally, VSELs 
mobilized after organ damage (KA 
toxin brain injury) provide evidence 
that these cells are a potential source for 
regeneration of the CNS (Grymula et 
al., 2014). 
Regeneration of chemoablated testis 
It was found that VSELs which survive 
after a treatment of busulfan can 
contribute to the regeneration of 
chemoablated mouse testis. More 
specifically in exhausted mice, VSELs 
have the ability to restore 
spermatogenesis in germ cells (Anand 
et al., 2014). 
Reproductive biology 
Recent studies demonstrated that 
VSELs have the potential to create 
spermatogonial SCs and differentiate 
into sperm (Patel and Bhartiya, 2016). 
These data provide an approach in 
terms of restoration of spermatogenesis 
by transplanting niche cells in mouse 
testis that previously have been treated 
with busulfan (Anand et al., 2016). A 
further study presents that VSELs exist 
in the biopsy of testis in azoospermic 
adults who were survived from 
childhood cancer and can restore 
spermatogenesis (Kurkure et al., 2015). 
All these results indicate that VSELs 
could play a key role in the restoration 
of fertility in a way that a biological 
parenthood will be achieved and cancer 
survivors will have an improved life 
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with better quality (Kurkure et al., 
2015). 
Cardiac regeneration 
Studies demonstrate that 
transplantation of VSELs after MI is 
capable to attenuate LV function and 
myocyte hypertrophy. Therefore, 
VSELs could contribute to cardiac 
repair after MI and to myocardial 
regeneration (Dawn et al., 2008). 
VSELs have potential therapeutic 
application in acute and chronic heart 
failure aimed at the regeneration of 
heart (Dawn et al., 2008; Zuba-Surma et 
al., 2008b). Actually after AMI 
transplanted VSELs could improve 
cardiac function (Zuba-Surma et al., 
2008b) and in reperfused MI could 
attenuate dysfunction and remodelling 
of LV (Zuba-Surma et al., 2011a; 
2011b). Further studies indicated that 
VSELs have the ability to differentiate 
into cardiomyocytes, express several 
cardiac markers and actively participate 
in myocardial repair (Kucia et al., 2004; 
2005; Ratajczak et al., 2009; 
Wojakowski et al., 2009; 2010b). 
VSELs in hematopoietic tissues 
Data indicate that BM and UCB VSELs 
in mice can present full hematopoietic 
potential. More specifically, these cells 
from UCB have the ability to 
differentiate into both HSPCs and 
HSCs (Ratajczak et al., 2011c; 
Ratajczak, 2017b). 
VSELs in aging 
According to the potential role of 
VSELs in aging, it is obvious that 
researchers proved a lifespan in these 
SCs. (Ratajczak et al., 2017a). They 
envision that except of their 
rejuvenational potentials in tissues and 
organs, they can contribute to 
decelerate aging processes (Ratajczak 
et al., 2008b). It was demonstrated that 
after response to G-CSF, VSELs are 
less in percentage in older than in 
younger animals and there are also 
results that indicate that VSELs have a 
negative relationship with age, meaning 
that they decrease as age increases 
(Ratajczak et al., 2008b; Zuba-Surma et 
al., 2009b). It was also demonstrated 
that caloric restriction, regular exercise 
and DNA modifiers such as 
nicotinamide and valproic acid can 
increase these cells, which finally can 
contribute to longevity. Data have 
further shown that a decreased GH/INS 
/IGF1 signaling, reduces the number of 
VSELs and accelerates the effect on 
aging (Ratajczak et al., 2010; 2012; 
2017a; 2017c). 
Discussion 
i. Studies have demonstrated that 
VSELs have special morphology. 
They are eukaryotic small cells 
about 3-4 μm which have some 
special characteristics of ESCs 
(Kucia et al., 2006; Zuba-Surma et 
al., 2008b; 2008c). 
ii. The ability of VSELs to 
differentiate make them appropriate 
in order to use them for reparative 
and regenerative purpose (Kucia et 
al., 2006). 
iii. VSELs have been described as a 
backup pool which contains a 
population of pluripotent stem cells 
(Kucia et al., 2007; Ratajczak et al., 
2009; 2017a). It is also known that 
these cells are mobilized into PB 
under stress situations (Wojakowski 
et al., 2009). 
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iv. The most important feature of 
VSELs is the fact that these cells 
don’t present moral and ethical 
dilemmas which are found in 
embryonic and fetal cells. Also, 
they are preferable compared to 
ESCs because they are unable to 
form teratoma or tumor (Bhartiya et 
al., 2016). 
v. Currently the most investigations 
have taken place on mouse model 
and that’s why it is necessary 
researchers to further investigate 
huVSELs in future. After all, it 
would be important to check these 
SCs and their involvement in 
regeneration and longevity. 
Future Aspects-Conclusion  
It is important to examine a little bit 
further the role of VSELs in 
regeneration of senescent organs and 
tissues in order to decelerate aging 
processes especially as it concerns 
huVSELs (Ratajczak et al., 2010; 2012; 
Zuba-Surma et al., 2009b). More 
studies should explore the potential role 
of VSELs in several cardiac pathologies 
and in the regeneration of heart tissue 
(El-Helw et al., 2020). To conclude, 
further researches are recommended to 
be focused on humans specifically, 
compared to studies that have already 
be done in murine models. It is 
beneficial to examine their 
rejuvenational potentials concerning 
multiple organs and tissues because 
currently the use of VSELs is one of the 
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